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INCE the report of Langfitt, et al., in 1965,11 vasomotor paralysis has been understood as the main cause of acute brain swelling. Langfitt, et al.? ~ emphasized the importance of congestive hypoxia or accumulation of CO2 in brain tissue as a main factor in producing vasomotor paralysis. In 1966, Ishii4 stated that a posterior portion of the hypothalamus corresponding anatomically ~s to the nucleus dorsomedialis might play a specific role in the development of vasomotor paralysis. However, the definite mechanism inducing it has remained obscure?* This experiment was designed to clarify whether a dysfunction of the posterior portion of the hypothalamus would play a specific role in the development of paralysis of intracerebral vascular tone. Our study was in two parts: under normal intracranial pressure (ICP), and under moderately elevated ICP.
Investigation Under Normal ICP

Materials and Methods
Twenty-one adult mongrel dogs, unselected as to age and sex, and weighing from 7 to 12 kg, were initially anesthetized with intravenous thyamylal sodium 5 mg/kg; 2 to 3 mg/kg was added as necessary so that the depth of anesthesia was maintained at the level at which ciliary reflexes disappeared. The animals were tracheotomized and the ventilation was controlled by a Takahashi respirator.* The rectal temperature was continuously monitored and an attempt was made to maintain it at 37.5 ~ to 38 ~ C. Systemic arterial pressure (SAP) was recorded by a polyethylene tube catheterized through the femoral artery.
Arterial carbon dioxide and oxygen pressure (PaCO2 and PaO,) and pH were determined with a blood gas analyzert and maintained in the normal range. Arterial HCO~ and base excess were also calculated. The ICP was measured by means of a small rubber balloon containing 0.03 cc of water inserted in the left posterior parietal subdural space. The catheters for measuring SAP and ICP were connected to pressure transducers,$ with the zero level set at the height of the heart in each animal.
The insertion of the coagulation needle into the posterior hypothalamus and the coagulations of the hypothalamus were performed by the following technique: is After the German horizontal line of the dog's head was placed horizontal to the plane of the experiment table, a small opening was made in the skull at a point 20 mm anterior to the interaural line and 10 mm to the left of the midline, and the dura was carefully opened. A coagulation needle was fixed to our apparatus so that the needle was directed vertical to the German horizontal line and 10 ~ to 13 ~ medially and then connected to the electrode. The needle was inserted 33.5 to 35.0 mm from the surface of the cerebral cortex. After insertion of the needle, the hypothalamus was destroyed by coagulation for 36 or 72 seconds.w During the periods of coagulation, the temperature of the tip of the needle was between 85 ~ to 90 ~ C, and the same area was coagulated twice for the same selected time so as to be sure of complete destruction.
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after each coagulation, the SAP was elevated by intravenous injection of norepinephrine (5 • 10 -s mg/kg) to evaluate whether the ICP increased in accordance with elevation of SAP. The norepinephrine was injected between 11/2 and 3 minutes after insertion of the needle, while the injection after first or second coagulation was done as soon as the temperature of the tip of the needle dropped to 50 ~ C. After study the dogs were sacrificed and the fixed brains were investigated to assess the coagulated sites. F]o. 3. Oscillographic recording in Dog DA-9 with bilateral lesions of the posterior hypothalamus. The intracranial pressure (ICP) increased temporarily to a minimum degree after the coagulation needle was inserted, and after the first and second coagulations, while the systemic arterial pressure (SAP) decreased moderately, even if temporarily, after each procedure. Fig. 3 . The ICP increased temporarily to a minimum degree after insertion of the coagulation needle, and also after the first and second coagulations. At the same time the SAP decreased moderately, even if temporarily, after each procedure. The degree of elevation of ICP after each procedure is summarized for the remaining 20 dogs in Fig. 4 . The elevation of ICP remained as low as 45.0 + 8.4 mm H20 even after the first coagulation, although the ICP elevated significantly after each procedure. The mean decrease of SAP after each procedure in 21 dogs is summarized in Table 2 . The results indicate that the SAP was significantly decreased after each procedure.
Results
Determinations of
The results obtained after each procedure to the hypothalamus were the same regardless of whether the lesion of the hypothalamus was uni-or bilateral.
Response of ICP to Intravenous Injection of Norepinephrine. The change of ICP in response to the injection of norepinephrine (5 • 10 -s mg/kg) in one dog is demonstrated in Fig. 5 . The elevation of ICP after each procedure was very slight in degree against marked elevation of SAP. The ICP/MAP ratio of elevation by injection of norepi- nephrine showed no significant difference after each procedure as compared to the control (Fig. 6 ). The level of ICP immediately before norepinephrine was administered is summarized in Table 3 . The results obtained by injection of norepinephrine were the same, regardless of whether the lesion of the hypothalamus was uni-or bilateral.
Investigation Under Moderately Elevated ICP
Materials and Methods
We used five adult mongrel dogs, unselected as to age and sex and weighing 7 to 12 kg. Methods of anesthesia, care of respiration, and measurement of ICP and SAP were the same as in the 21 dogs investigated under normal ICP. To elevate ICP, a small rubber balloon was inserted into the epidural space of the right frontotemporal area and inflated at a constant speed so that the ICP increased by 200 mm H20 in 1 minute. The ICP was elevated to 500 mm H20 and maintained at this level for 10 minutes. Inflation was then stopped, and the balloon was left inflated during each procedure to the hypothalamus. After inflation ceased, the ICP steadily decreased and stabilized at the 300 to 400 mm H20 range. A coagulation needle was then stereotaxically inserted as described above for the purpose of destroying the posterior hypothalamus either unilaterally or bilaterally. To assure the destruction of the posterior hypothalamus, coagulation of 72 seconds duration was employed twice to the same place. 
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Before and after each procedure to the hypothalamus, SAP was elevated by the method described above. The time interval before the injection of norepinephrine after each procedure was the same as in the first group of dogs.
By frequent determinations of blood samples, PaCO2, and PaO2 were maintained in the normal range. After the study, the dogs were sacrificed and the fixed brains investigated.
Results
Determinations of PaC02, Pa02, and pH. Coagulated Sites of Hypothalamus. The nuclei of the posterior hypothalami and dorsomedialis h y p o t h a l a m i ( " h y p o t h a l a m u s posterior") were coagulated on one or both sides in all five dogs. Besides these two nuclei, many nuclei of the hypothalamus listed in Fig. 2 were partially or almost completely destroyed in this group of dogs. The nuclei of the thalamus were also mildly to moderately coagulated as in the dogs tested with normal ICP.
Response of lCP to Intravenous Injection of Norepinephrine. The change of ICP in response to injection of norepinephrine (5 • 10 -a m g / k g ) in one dog is demonstrated in Fig. 7 . The elevation of I C P after each procedure was moderate as in the control, but the S A P was m a r k e d l y elevated. The I C P / M A P ratio of elevation by injection of norepinephrine showed no significant difference after each procedure as compared to the control (Fig. 8) . The level of I C P just before administration of norepinephrine in five dogs is summarized in Table 4 .
Posterior hypothalamus and brain swelling 
Discussion
The cerebrovascular autoregulation, which is presumably regulated by metabolic 2a-9,12 or neurogenic factors? ,ca5 or both, 1 is impaired or lost under various pathological conditions. Langfitt, et al., Ix reported in 1965 that impaired or lost autoregulation (vasomotor paralysis) is one of the main causes of acute brain swelling. From more recent investigations on the mechanism of vasomotor paralysis under intracranial hypertension, congestive hypoxia caused by venous circulatory disturbance with raised ICP appeared to be a primary factor producing vasomotor paralysis? 8-2~
In 1966, Ishii observed that unilateral coagulation of the nucleus dorsomedialis hypothalami in monkeys produced a marked increase in intracranial pressure? and concluded that a dysfunction of the posterior portion of the hypothalamus might play a specific role in the development of vasomotor paralysis. In addition, he also observed that, after coagulation of the posterior portion of the hypothalamus in cats, the ICP was increased markedly in accordance with the elevation of the SAP by intravenous injection of norepinephrine, suggesting a presence of central regulation of cerebral blood flow? However, our recent investigations in a similar model in dogs ~8,~7 did not confirm the results by Ishii.
Our model was, however, slightly different in several points from that used by Ishii and his coworkers. We used dogs, while they used monkeys ~ or cats? The other important factor could be the size of lesions; lesions averaged approximately 7 mm in diameter in our experiment (Table 1) , but averaged approximately 3 to 4 mm in their experiments. As the results of the larger size of the lesions in our experiments, the coagulated sites extended not only to the anterior portion of the hypothalamus, but also to some nuclei of the thalamus. In our study, PaCO2 and PaO2 were carefully controlled in the normal range regardless of the level of ICP. In contrast, in their papers, the results of determinations of PaCOz were not well documented. ~,5
In the present study, we did not measure regional cerebral blood flow (rCBF). If rCBF as well as endocrinological changes are monitored during and after destruction of the posterior hypothalamus, we may obtain more precise information and better understanding of the underlying mechanism. At the present time, we conclude that dysfunction of the posterior portion of the hypothalamus is unlikely to play a specific role in the development of vasomotor paralysis inducing acute brain swelling, under conditions of normal or moderately increased ICP with normal PaCO2 and PaO2 levels.
